Findings {#Sec1}
========

Genital human papillomavirus (HPV) is the most common sexually transmitted infection in the United States. HPV includes a group of more than 150 related viruses. Many of these viruses can be easily spread through direct skin contact during sexual intercourse \[[@CR1]\]. More than 50% of individuals engaging in sexual activities are infected with at least one type of HPV in their lifetime. An estimated 42.5% of U.S. females aged 14--59 years had a genital HPV infection in 2003--2006 \[[@CR2]\]. Some patients with HPV infection can be restored back to health, while infection progresses to cancer in others \[[@CR3]\].

More than 40 HPV types can infect the genital areas of men and women \[[@CR4]\]. These types can be classified as high-risk, probable high-risk, low-risk, and undetermined risk for the development of cervical cancer. Low-risk types (HPV 6, 11) are mostly associated with genital warts. High-risk types (HPV 16, 18) can contribute to precancerous lesions, low-grade cervical intraepithelial lesions and high-grade cervical intraepithelial lesions, as well as anogenital cancers \[[@CR5]\]. HPV infection is a major cause of cervical cancer \[[@CR6]\], and 11,818 women in the U.S. were diagnosed with cervical cancer in 2010 \[[@CR7]\].

The primary goals of our current research are to identify the potential factors associated with HPV infection and to estimate the prevalence of infection for U.S. females from 2007 to 2010. Eventually, we aim to help create programs targeting high-prevalence populations to prevent HPV infection and lower their risk of getting cervical cancer.

Methods and materials {#Sec2}
=====================

Data was obtained from the National Health and Nutrition Examination Survey (NHANES) 2007--2010 \[[@CR8]\]. The survey data includes information about demographic and socioeconomic status, mental health, and dental health, as well as physiological and laboratory measurements. The survey interviews about 12,000 people biannually.

Survey design and population {#Sec3}
----------------------------

The NHANES used a multistage probability sample design to select the participants. Consenting participants completed a household interview followed by a physical examination and interviews at a Mobile Examination Center (MEC). Non-Hispanic (NH) black and low income groups were oversampled in the NHANES to allow for an accurate statistical estimation in these population groups \[[@CR9]\]. The protocol was approved by the National Center for Health Statistics (NCHS) institutional review board. Further information regarding study design and methods for oversampling is available on the NHANES website \[[@CR8]\].

From 2007 to 2010, 10,010 females of all ages were interviewed. The combined unweighted household interview response rate for that period was 78.9%; the examination response rate was 76.3%. All females aged 18--59 years (n = 4242) who visited the MEC were asked to self-collect a cervicovaginal swab sample. Out of all samples collected, 3738 (88.1%) were reported as positive or negative and were used in the final analysis. Combining the data for years 2007 through 2010 was justified. There was no significant difference in HPV prevalence between 2007--2008 and 2009--2010 for all but 5 of 37 HPV types, as detected by the Linear Array assay (data not shown).

Demographic and behavioral data {#Sec4}
-------------------------------

Demographic information, including gender, age, race, education, marital status, and country of birth, was obtained from all participants during the household interviews. The poverty index was calculated according to the U.S. Census definition. This method divides total family income by the poverty threshold after adjusting for family size at the time of the interview.

Sexual history information, including if the participant had ever had sex and the age of first sexual experience, was self-reported by participants using an audio computer-assisted self-interview. Respondents who reported having sex (described as vaginal, oral, or anal) were asked additional questions about their lifetime sexual history and about any sexual encounters in the prior 12 months. These additional questions addressed number of sexual partners, sexual orientation, and condom usage.

Specimen collection and processing, laboratory methods {#Sec5}
------------------------------------------------------

As described by Dunne et al. \[[@CR10]\], self-collected cervicovaginal swab samples were obtained from female participants aged 18--59 who had an examination in the MEC. Swabs were given to the NHANES personnel, stored at room temperature, and mailed within 1 week to the Centers for Disease Control and Prevention (CDC) laboratory. There, they were kept at 4°C and extracted within 1 month of collection.

Multiplex polymerase chain reaction (PCR) was used for detection of 37 HPV types within the *Alphapapillomavirus* genera. Samples were reported as HPV positive if any of the 37 HPV deoxyribonucleic acid (DNA) types were detected, including high-risk (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, 82) and low-risk (6, 11, 40, 42, 54, 55, 61, 62, 64, 67, 69, 70, 71, 72, 81, 82 subtype IS39, 83, 84, 89) types. If the strips were positive for any of the types, the sample was coded as positive. If the strips were negative for all of the types and beta-globin was detected, the sample was coded as negative. If there was no beta-globin present in the sample and no HPV type was detected, the sample was coded as inadequate \[[@CR8], [@CR11]--[@CR14]\].

Statistical analysis {#Sec6}
--------------------

We estimated the overall prevalence of infection for any HPV type with respect to sociodemographic and sexual behavioral characteristics. Due to the complexity of the design, all estimates were measured using 4-year MEC sample weights provided by NCHS to account for the unequal probabilities of selection and adjustment for nonresponse. The weighting methodology has been described previously \[[@CR10]\]. Taylor series linearization was used to estimate variance in a complex cluster survey design \[[@CR15]\]. Confidence intervals (CIs) were calculated using a logit transformation with the standard error of the logit prevalence based on the delta method and applying SUDAAN estimated standard errors \[[@CR16]\].

The Wald χ2 statistic was used to assess bivariate association between HPV and sociodemographic or behavioral characteristics. No adjustments were made to the p*-*values for multiple comparisons. An unconditional logistic regression model was used to determine associations between genital HPV infection and these factors. Variables for adjustment in multivariate logistic regression models were selected based on bivariate associations with p-values \<0.2. Goodness of fit for the final step of the model was assessed using the Hosmer-Lemeshow Satterthwaite adjusted *F* test.

SAS software version 9.4 for Windows (SAS Institute Inc. Gary, North Carolina) and SAS callable SUDAAN 11.0.1 \[[@CR17]\] were used for the statistical analyses. Two-sided p-values less than 0.05 were considered statistically significant.

Results {#Sec7}
=======

HPV types and species by oncogenic risk category are presented in Figure [1](#Fig1){ref-type="fig"}. In the NHANES 2007--2010, there were 3738 females aged 18 to 59 years with an HPV evaluation result in the final analysis. The 37 HPV types were grouped as high-risk (Figure [1](#Fig1){ref-type="fig"} Left Panel) or low-risk (Figure [1](#Fig1){ref-type="fig"} Right Panel). The prevalence of high-risk HPV types 33 and 58 was less than 2%; HPV strains 16 and 18 had a prevalence of 4.92% and 1.77%, respectively. HPV strain 53 had the highest prevalence of 6.26% in the high-risk HPV category, and HPV strain 62 had the highest prevalence of 5.93% in the low-risk category.Figure 1**HPV types and species by oncogenic risk category. Left panel**, High-Risk HPV Types. **Right panel**, Low-Risk HPV Types.

In a univariate analysis (Table [1](#Tab1){ref-type="table"}), the overall weighted prevalence of HPV infection was 41.9%. An estimated 59.4% NH black females and 38.7% of NH white females, the lowest prevalence, were positive for HPV. There was a statistically significant difference between subjects of different races. The Prevalence Ratio for NH black females was 2.3 times that of NH white females.Table 1**Weighted prevalence of HPV infection among female participants ages 18--59 by sociodemographic characteristics NHANES 2007-2010**Sample size%95% CI of % HPV+95% CI of PRHPV+HPV-HPV+LowerUpperp-value\#PRLowerUpper**All1716202241.939.644.2**RaceNH White67691638.736.041.5\<0.00011.00NH Black43629959.454.464.22.321.902.83Mex. Amer.32145741.938.145.71.140.971.34Other28335040.735.346.41.090.851.38Age18-2438328756.151.460.7\<0.00011.0025-2922219250.845.955.60.810.641.0130-3418924440.133.846.7\<0.001\*0.520.390.7035-3920326738.333.643.20.490.360.6540-4418229534.530.438.90.410.330.5345-4922725644.439.249.80.630.480.8150-5417226633.427.140.40.390.290.5355-5913821534.027.341.40.400.290.56Education\> = College24348031.427.435.6\<0.00011.00\<High School48648448.043.652.32.021.542.63High School43041847.542.252.8\<0.001\*1.981.542.54Some College55463743.539.347.91.691.342.13Marital StatusMarried562115429.426.832.2\<0.00011.00Wid/Div/Sep39327858.353.463.02.962.084.20Never married45732255.650.061.02.101.502.94Living W Partner18815755.247.163.13.002.463.66Missing11611146.739.354.33.352.684.19Ratio of family income to povertyPIR:\> = 350%34362033.329.437.4\<0.00011.00PIR:130-349%54165543.039.247.0\<0.001\*1.421.191.71PIR \<130%69158155.351.958.62.331.902.84Country of BirthUS1338143742.740.045.40.10951.00Mexico16128135.630.740.80.7430.5980.923Other21730439.133.045.60.8630.6511.142\#P-value: Chi-Square Test; \*P-value (p-values for CMH trend analysis, without missing categories), PR: Prevalence Ratio.

There was a lower trend of HPV infection with increased age, higher education level, and decreased family poverty level. There was a bimodal pattern in the prevalence of HPV for age, with a high HPV prevalence of 56.1% in the 18--24 age group and with a second peak in the 40--44 age group. HPV prevalence was 48% for women with less than a high school education, whereas it was 31.4% for those with a college education. Participants living in a family with an income-to-poverty ratio (PIR) of \<130% showed a 55.3% prevalence of HPV infection. In terms of marital status, prevalence was lowest (29.4%) for married women and highest (\>47%) for women classified as single, divorced, or never married.

The association of HPV infection with behavioral factors is presented in Table [2](#Tab2){ref-type="table"}. Females who smoked \<100 cigarettes in their lifetime (Prevalence Ratio \[PR\] = 0.52) were less likely to have HPV infection. Females who did not have health insurance (PR = 1.9) or a routine place to receive health care (PR =1.39) were more likely to have HPV infection.

Females who reported never having sex were 71% less likely to have HPV infection compared to females who reported having sex. The prevalence of HPV infection increased 89% for females having sex before 16 years of age compared to after 16. There was a trend of increasing HPV infection in women with a higher number of sexual partners in their lifetime (or yearly). The prevalence of infection was 8.9 times higher for women with \>11 sexual partners in their lifetime compared to women with 0--1 partners. This trend was noticed among all races. Overall, NH black females showed the highest prevalence of HPV infection regardless of their number of partners (Figure [2](#Fig2){ref-type="fig"}). Compared to women who used a condom during sex, those who did not use a condom had twice the prevalence of HPV infection. Lastly, women who identified themselves as being 'lesbian' or 'bisexual' had a 72% increased prevalence of HPV infection compared to those who identified as 'straight.'Table 2**Weighted prevalence of HPV among female participants ages 18--59 by behavioral factors**Sample size%95% CI of % HPV+p-value\#95% CIHPV+HPV-HPV+LowerUpperPRLowerUpperSmoked ≥ 100 cigarettes in lifeYes76360851.247.355.1\<.00011.00No838130435.332.538.30.520.440.62Missing11511045.738.353.30.800.561.15Drug UseYes85771349.045.452.7\<.00011.00No642106633.230.036.40.790.581.06Missing21724343.037.348.90.520.430.62Covered by health insuranceYes1157149438.535.641.5\<.00011.00No55752454.451.157.71.901.582.29Routine place for health careYes1443173641.038.543.50.00571.00No27328549.043.654.51.391.101.75Ever had vaginal, anal, or oral sexYes1467165942.640.245.1\<.00011.00No3311817.611.925.40.290.190.43Missing21624543.137.349.11.020.781.33How old when first had sex\> = 16 years48935754.550.058.8\<.00011.00\<16 years976129638.836.241.41.891.592.24Missing25136937.132.242.30.930.741.18\#male sex partners lifetime0-113951414.812.018.1\<.0001\
\<.0001\*1.002-326442931.227.235.52.612.053.324-529828945.839.652.14.873.516.756-1042230654.349.559.16.855.408.6911+33418060.755.565.68.906.4112.35Missing25930442.337.447.44.233.085.81\#male sex partners yearly019433833.728.838.9\<.0001\
\<0.001\*1.001929128337.334.939.71.090.931.2721785774.866.881.54.102.965.703+1593285.277.090.96.894.6110.30Missing25631241.336.646.31.281.061.55\#times had sex without condom/yearNever28835640.935.746.3\<.0001\
\<0 011\*1.00\<half of the time18512358.651.665.21.100.881.38half of the time995763.554.671.52.251.593.19\>half of the time1208356.348.863.52.762.003.82Always54671638.635.342.02.051.482.84Missing47868737.133.740.60.940.791.12Describe sexual orientationHeterosexual or straight1355163940.938.443.60.00341.00Homosexual/lesbian/Bisexual/Other13311154.446.262.41.721.262.36missing22827242.537.247.91.070.831.37\#P-value: Chi-Square Test; \*P-value (p-values for CMH trend analysis, without missing categories), PR: Prevalence Ratio.Figure 2**Weighted prevalence of genital HPV among female adult participants aged 18--59 by lifetime sexual partners and race.**

In a multivariate logistic regression analysis, adjusting for other factors, the number of lifetime sexual partners had a significant association with HPV infection. HPV infection was 5.77 times more likely for women with \>11 partners compared to women with 0--1 partners. NH black females were 1.87 times more likely to have an HPV infection compared to NH white females. Age was negatively associated with the prevalence of HPV, except for an increased peak in the 44--49 age group. Having a college degree and being married were also associated with lower HPV prevalence. Family income-to-poverty ratio, a habit of smoking cigarettes, and insurance status remained significant factors associated with HPV infection.

When the results were adjusted for other factors, country of birth, recreational drug usage, ever having sex, age at first sexual encounter, condom usage during sex, and sexual orientation were no longer associated with HPV infection.

Discussion and conclusion {#Sec8}
=========================

From the NHANES 2007--2010 data set, we found that the overall prevalence of genital HPV infection was 41.9% (95% CI: 39.6-44.2%) in females aged 18--59 in the United States. We compared this result with two previous NHANES analyses observing data for females in the United States. Our estimate was similar to the result of the first study, which found a 42.5% (95% CI: 40.3-44.7%) prevalence for females aged 14--59 in the 2003--2006 data set \[[@CR2]\]. The confidence intervals overlapped, indicating no statistical difference between these two estimations. Our estimate was higher than the result of the second study, which found a prevalence of 26.8% \[[@CR10]\] among females, aged 14--59 in the 2003--2004 data set. This discrepancy could be due to a change in the laboratory methods to detect HPV DNA resulting in increased sensitivity of the test \[[@CR2], [@CR18], [@CR19]\].

In our study, there was a bimodal prevalence of genital HPV for age, consistent with the same two previous NHANES studies \[[@CR2], [@CR10]\]. This may indicate increased sexual activity in the 18--24 age group \[[@CR20], [@CR21]\] causing the transmission of HPV by sexual contact. The reason for the increased prevalence in the 45--49 age group is unclear. We speculate that it may be due to an increased incidence \[[@CR22]\], a difference in sexual behaviors across birth cohorts \[[@CR23]\], or a change in marital status.

HPV infection was associated with certain racial and ethnic groups. NH black females had an increased prevalence even when controlling for factors such as number of sexual partners in their lifetime (Figure [2](#Fig2){ref-type="fig"}) or other factors (Table [3](#Tab3){ref-type="table"}). Interestingly, even in the group with 0--1 sexual partners, NH black females had twice the prevalence of HPV infection compared to other racial and ethnic groups. This indicates that number of sexual partners is not the only factor that impacts the prevalence of HPV infection.Table 3**Multivariate logistic regression analysis of HPV infection with sociodemographic and behavioral factors**95% CIOdds ratioLowerUpperRaceNH White1.00Mex. Amer.1.501.161.95NH Black1.871.452.42Other1.130.841.52Age18-241.0025-290.810.571.1530-340.520.360.7635-390.520.360.7540-440.460.330.6344-490.760.531.0950-540.480.340.6855-590.590.390.87Education\> = College1.00\<High School1.360.951.95High School1.581.222.05Some College1.130.891.43Marital StatusMarried1.00Living W Partner1.471.022.10Never Married1.741.342.25Wid/Div/Sep2.271.723.00Missing29.661.93456.93Ratio of family income to poverty\>350%1.00\<130%1.381.111.71130-349%1.060.871.29Country of BirthUS1.00Mexico0.810.571.15Other1.350.941.94Smoked at least 100 cigarettes in life\> = 100 Cig/life1.00\<100 Cig/life0.780.620.99Missing0.030.000.40Drug UseYes1.00No1.060.851.31Missing1.150.363.73Covered by health insuranceYes1.00No1.391.121.73Routine place to go for healthcareYes1.00No0.950.721.26Ever had vaginal, anal, or oral sexYes1.00No0.580.152.17Missing0.960.185.17Age when first had Sex\> = 16 years.1.00\<16 years0.940.791.12Missing0.340.091.25\#male sex partners/lifetime0-11.002-31.991.462.724-53.692.625.216-104.873.546.7111+5.773.649.15Missing15.215.1245.18\#male sex partners/year01.0010.970.641.4922.171.104.283+3.121.476.65Missing0.550.221.36\#times had sex without condom/ yearNever1.00\<Half of the time1.180.801.74Half of the time1.230.742.07\>Half of the time0.970.641.47Always1.060.781.44Missing0.680.431.07Describe sexual orientationHeterosexual/straight1.00Homosexual/lesbian/bisexual/other1.240.921.67Missing1.430.742.74\#Prevalence Ratio (PR). If the 95% Confidence Interval of the PR does not contain the value 1.0, the association between the HPV infection and factor is statistically significant (p\<0.05).

Some studies have shown an inconsistent association between education level and prevalence \[[@CR24], [@CR25]\]. However, in others, education level was negatively associated with HPV infection \[[@CR2], [@CR10]\]. In our study, with increased education, the prevalence of HPV infection decreased. We speculate that this trend could be connected to factors such as increased awareness of HPV or adoption of safe sexual practices. Safe practices might include, but are not limited to, regular usage of condoms and limiting the number of sexual partners. Therefore, health education interventions could be introduced to reduce the HPV prevalence by increasing awareness, encouraging safe sex \[[@CR26]\], teaching about the routes of HPV transmission, and promoting the use of the HPV vaccine \[[@CR27]\].

The number of sexual partners played a statistically significant role in HPV infection. This finding mirrors those seen in other studies \[[@CR2], [@CR10]\]. We also found an association of health insurance status with HPV infection. A meta-analysis showed that cost of vaccination and lack of insurance coverage are barriers that prevent women from obtaining the vaccine \[[@CR28]\]. Individuals with private health insurance are more likely to hear about the HPV vaccine and three times more likely to get the vaccine compared to uninsured patients or those with public insurance plans \[[@CR29]\]. In addition, poverty and having smoked \<100 cigarettes in their lifetime were associated with HPV infection.

In conclusion, 41.9% of U.S. females aged 18--59 years tested positive for genital HPV infection. This study found that an increased number of sexual partners, a lower level of education, non-Hispanic black race, and a lack of insurance were factors of concern with HPV infection. Continuing to monitor the prevalence of HPV in the general population can establish a basis for possible interventions focusing on at-risk groups.
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